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Description

Technical background

[0001] Sevelamer, or poly(allylamine-co-N,N’-diallyl-1,3-diamino-2-hydroxypropane), is a polymer compound having
the formula

wherein a+b = 9; c = 1; and m is variable,
[0002] Sevelamer is marketed as the hydrochloride salt under the trade name Renagel® for controlling hyperphos-
phatemia (increase in the level of phosphates in the blood) in adult patients undergoing dialysis or hemodialysis. Recently,
the sevelamer carbonate/bicarbonate salt, under the trade name Renvela®, has also been placed on the market.
[0003] Different types of the synthesis of sevelamer are known, all substantially deriving from cross-linking with high
molecular weight polyallylamine epichlorohydrin. Polyallylamine is a polymer compound known in the art with the CAS
RN 71550-12-4 and is obtained by allylamine polymerization.
[0004] One of the major problems encountered during the synthesis of sevelamer is the production of a highly congealed
and viscous reaction mass, which must be adequately stirred and crumbled in order to obtain a final product in solid
form. Some patent documents describe the synthesis of sevelamer by reaction between an aqueous solution of polyal-
lylamine and epichlorohydrin in an organic solvent, such as toluene or acetonitrile. The use of the organic solvent is
necessary in order to process the congealed and difficult to process mass, as seen above.
[0005] US patent 6180754 in the name of The Dow Chemical Company, describes a process for the synthesis of
sevelamer that provides for the use of a LIST reactor to perform the cross-linking step. This reactor, produced by the
company LIST Inc., is a reactor specifically designed for processing high viscosity materials. It is easily understood that
this reactor is not commonly used and that its use requires specific and economically important investments, unjustified
for the preparation of a single active ingredient.
[0006] EP 223222 discloses a crosslinking reaction of a partially salified polyallylamine polymer with i.a. epichlorohy-
drine.
[0007] The patent application WO01/18072 describes a process for the preparation of sevelamer hydrochloride com-
prising partial desalification of a solution of polyallylamine hydrochloride, removal of salts through ion exchange or
electrodeionization and by means of subsequent optional nanofiltration or ultrafiltration of the partially desalified polyal-
lylamine, and then causing it to react with epichlorohydrin. As stated in the text of WO01/18072 (for example pages 4
and 5), during desalification of the polyallylamine hydrochloride with metal hydroxides a substantial quantity of salts is
produced. The steps of removing salts and of nanofiltration or ultrafiltration are therefore necessary, as otherwise a very
viscous and non-stirrable mixture is obtained during the subsequent cross-linking reaction with epichlorohydrin. This
mass would require the use of a LIST reactor as seen above or, alternatively, the addition of substantial quantities of
organic solvents.
[0008] It is evident that these further reaction steps are laborious and entail substantial costs at industrial level.

Description of the invention

[0009] The aim of the present invention is to provide a process for the preparation of sevelamer which overcomes the
drawbacks of the prior art.
[0010] It has now been found that it is possible to avoid the use of reactors to process high viscosity materials and
also the use of organic solvents, starting from polyallylamine aqueous solutions, at specific concentrations.
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[0011] In particular, it has been noted that a particular concentration interval of the polyallylamine aqueous solution
which must be subjected to cross-linking, leads to a reaction mass easily workable and processable even in conventional
reactors, commonly present in chemical production plants and does not require the addition of  organic solvents.
[0012] Therefore, according to one of its aspects, the invention relates to a process for the preparation of sevelamer
which comprises partially salifying, preferably with hydrochloric acid, a polyallylamine aqueous solution having a con-
centration between 10% and 14.5% (w/w) and reacting it with epichlorohydrin, in the absence of any organic solvents.
[0013] In particular, the invention relates to a process comprising the steps of:

(a) partially salifying a polyallylamine aqueous solution having a concentration between 10% and 14.5% (w/w),
preferably to a degree of salification of 25-40%;
(b) adding epichlorohydrin, preferably in an "allylamine unit"/"epichlorohydrin" molar ratio of around 8-11/1;
(c) maintaining the reaction mixture under stirring, preferably at 65 to 85°C for a few hours;
(d) isolating the sevelamer thus obtained.

[0014] According to a preferred aspect of the invention, the polyallylamine is partially salified with hydrochloric acid
and the sevelamer obtained in step (d) is sevelamer hydrochloride.
[0015] The initial polyallylamine aqueous solution is commercially available. This polyallylamine can be suitably diluted
with water to the desired concentration. According to a preferred embodiment, the concentration of the polyallylamine
aqueous solution is between 11% and 14.5%, preferably between 12.5 and 14.5%, advantageously this concentration
is around 13-14%.
[0016] Concentrations below 10% could in theory be used, but the copious quantity of water would lead to a more
laborious process to isolate the sevelamer from the reaction mixture.
[0017] The epichlorohydrin used according to the present invention is also commercially available.
[0018] In practice, for the preparation of sevelamer according to the invention, the polyallylamine aqueous solution is
loaded into a common reactor, hydrochloric acid is added to reach the degree of salification required and epichlorohydrin
is dosed, preferably controlling the temperature as the reaction is exothermic.
[0019] According to a preferred embodiment, the temperature of the reaction mixture is maintained around 20-25°C
during the step of acid addition.
[0020] The quantity of acid to add to the polyallylamine depends on the degree of salification required. According to
an advantageous embodiment, the polyallylamine is salified to 25-40%, for example around 30-35%. Therefore, by way
of example, salification can be achieved using a "allylamine unit"/"hydrochloric acid" molar ratio of around 3-3.5/1.
[0021] The hydrochloric acid is preferably added in an aqueous solution.
[0022] Epichlorohydrin is then added to the partially salified polyallylamine solution.
[0023] The "allylamine unit"/"epichlorohydrin" ratio is advantageously around 8-11/1, preferably around 9/1.
[0024] After epichlorohydrin has been added, the mixture is maintained under stirring for some time, for example a
few hours, and the reaction mixture is then heated to a temperature between 65 and 85°C, preferably between 75 and
83°C.
[0025] The cross-linking reaction is normally complete in a few hours.
[0026] Therefore, with the process of the invention, which involves the use of specific concentrations of initial polyal-
lylamine, it is possible to obtain a final reaction mixture that is easy to work and filter. On the contrary, as will be shown
by the comparative tests in the experimental section of the present description, greater concentrations lead to an extremely
dense and congealed reaction mixture, which can only be processed in special equipment, such as the LIST reactor,
or by adding organic solvents.
[0027] Moreover, it will also be understood that, contrary to the process described in WO01/18072 in which salt is
removed from the polyallylamine hydrochloride with metal hydroxides, in the process of the invention that starts from a
polyallylamine which is salified by adding an acid, no salts are produced and therefore no further and laborious reaction
steps are required, such as removal of salts and nanofiltration or ultrafiltration. This aspect of the invention, together
with the specific percentages of polyallylamine used in the initial aqueous solution, provides a the synthesis of sevelamer
that is industrially simple and inexpensive.
[0028] The sevelamer obtained according to the process of the invention can be directly filtered and dried according
to methods known in the art.
[0029] Alternatively, at the end of the reaction with epichlorohydrin, a water miscible solvent, advantageously isopro-
panol, can be added to the reaction mass and maintained under stirring for some time, and the sevelamer thus obtained
can then be filtered and dried.
[0030] This last experimental solution is not necessary but can be used to facilitate obtaining a sevelamer that is easier
to filter, or which can even be separated by decantation of the liquid part of the mixture.
[0031] According to a further embodiment of the invention, the sevelamer obtained with the process described above
can be converted into sevelamer carbonate/bicarbonate according to known techniques, for example by reaction with
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gaseous carbon dioxide or other carbonating agents, such as carbonates of alkaline or alkaline-earth metals.
[0032] If carbon dioxide is used, the reaction can be conducted in a basic aqueous solvent, such as in a sodium
hydroxide solution or also in solid phase, i.e. without using solvents.
[0033] Details of the process of the invention are provided in the experimental section of the description.
[0034] As will be apparent to those skilled in the art, by suitably varying the reaction conditions it is possible to obtain
a mixture of sevelamer hydrochloride and sevelamer carbonate/bicarbonate, said mixture, obtained with the process
described here, represents a further aspect of the present invention.
[0035] The sevelamer hydrochloride obtained with the process of the invention, having the properties indicated below,
and more specifically in the experimental section hereunder, has the following features:

- Chlorides % (weight/weight) 17-19
- Swell index 12-13
- Phosphate binding capacity (mmol/g) 5.5-6.4
- Epichlorohydrin not detectable (<5 ppm)

Experimental section

Example 1

Sevelamer preparation

Loads

[0036]

[0037] A conventional reactor, with blade stirrer, is used. HCl is added to the polyallylamine loaded into the reactor in
two batches dosed at a distance of 15 minutes. When the temperature reaches around 25°C, dosing of epichlorohydrin
begins and continues for around 10 minutes. After 45 minutes, heating to 78°C - 83°C begins and continues for 3 hours,
at the end of which the product, after cooling to room temperature, is washed with isopropanol. Washing is performed
by maintaining the product under stirring with isopropanol for 1 hour, then the product is centrifuged and vacuum dried
at 60°C for 3 hours, finally obtaining 2.94 kg of product in the form of a whitish solid.

Example 2

Sevelamer preparation

[0038] The same procedure as described in example 1 is followed, but isopropanol is not added and the reaction
mixture is instead maintained at 20-25°C for three hours. The final product is isolated by filtration.

Properties of the sevelamer obtained

[0039]

- Swell index 12.5

- Phosphate binding capacity (mmol/g) 5.8

- Chloride content (weight/weight) 18.5%

- Epichlorohydrin not detectable (< 5 ppm)

PAA 
Solution 

14.0% (g)

PAA 
100% 
(g)

PAA (mol 
allylamine 

units)

epichlorohydrin 
(mol)

epichlorohydrin 
(g)

HCl 
(mol)

HCl 
38.2% 
(g)

washing 
isopropanol 

(g)

16650 2344 41.1 4.6 426.5 11.9 1137 14630
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[0040] The analytical evaluations are performed according to methods known in the art and conventionally used for
sevelamer.

Comparative example

[0041] Sevelamer preparation starting from a 30% solution of polyallylamine

Loads:

[0042]

[0043] The process of example 1 is repeated. After adding one part of epichlorohydrin a vitreous and intractable gel
is obtained, which blocked stirring.

Example 3

Sevelamer carbonate/bicarbonate preparation

[0044] 1.4 kg of water is loaded into a 2 litre glass reactor. The temperature is set to 35°C and 100 g of sevelamer
hydrochloride is added in portions, stirring the mixture. A solution of 30% sodium hydroxide is then added until pH 12 is
reached (around 71 g) and gaseous carbon dioxide is bubbled through. The temperature is maintained at 35-37°C until
pH 7.2 is reached. The mixture is maintained at 35°C under stirring for 2 hours and if necessary further carbon dioxide
is bubbled through until the pH is stabilized at 7.2. The suspension is filtered, the solid washed repeatedly with water to
eliminate as much of the residual chlorine as possible. The solid thus obtained is dried and ground.

Example 4

Sevelamer carbonate/bicarbonate preparation in solid phase

[0045] 1.4 kg of water is loaded into a 2 litre glass reactor. The temperature is set to 35°C and 100 g of sevelamer
hydrochloride is added in portions, stirring the mixture. A solution of 30% sodium hydroxide is then added until pH 12 is
reached (around 71 g). The suspension is maintained at 35-37°C under stirring for 40 minutes and then filtered, the wet
solid is resuspended in 800 ml of distilled water and stirred for two hours at room temperature. The solid is then filtered
and washed with distilled water. The solid is loaded into a fluid bed dryer at 50°C for three hours, after which a carbon
dioxide stream is passed through the solid until obtaining an internal pressure of around 40000Pa. The flow is maintained
until the pressure decreases. Finally, the drier is maintained under vacuum and the temperature is raised to 60°C for
72 hours. Sevelamer carbonate/bicarbonate is thus obtained.

Claims

1. A process for the preparation of sevelamer characterized in that it comprises the following steps:

(a) partially salifying a polyallylamine aqueous solution having a concentration between 10% and 14.5% (w/w);
(b) adding epichlorohydrin;
(c) maintaining the reaction mixture under stirring;
(d) isolating the sevelamer thus obtained;

and also characterized in that the steps from (a) to (c) are carried out in the absence of any organic solvents.

2. The process according to claim 1, characterized in that the polyallylamine is salified up to a degree of salification

PAA 
Solution 
30% (g)

PAA 100% 
(g)

PAA (mol 
allylamine 

units)

epichlorohydrin 
(mol)

epichlorohydrin 
(g)

HCl (mol)
HCl 38.2% 
(g)

483.5 145 2.54 0.28 26 0.79 77.5
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of 25-40%.

3. The process according to claim 1 or 2, characterized in that the "allylamine unit"/"epichlorohydrin" molar ratio is
8-11/1.

4. The process according to any one of claims 1 to 3, characterized in that in the step (c) it is maintained under stirring
at 65 and 85 °C.

5. The process according to any one of the preceding claims, characterized in that said polyallylamine aqueous
solution has a concentration between 12.5 and 14.5%.

6. The process according to claim 5, characterized in that said polyallylamine aqueous solution has a concentration
between 13 and 14%.

7. The process according to any one of the preceding claims, characterized in that polyallylamine is partially salified
with hydrochloric acid.

8. The process according to any one of the preceding claims, characterized in that the sevelamer thus obtained is
converted into sevelamer carbonate/bicarbonate.

9. The process according to claim 8, characterized in that the sevelamer thus obtained is converted into sevelamer
carbonate/bicarbonate by reaction with gaseous CO2.

10. The process according to claim 9, characterized in that the conversion into sevelamer carbonate/bicarbonate with
gaseous CO2 is carried out in solid phase.

Patentansprüche

1. Verfahren zur Herstellung von Sevelamer dadurch gekennzeichnet, dass es die folgenden Schritte umfasst:

(a) Teilweises Überführen in ein Salz einer Polyallylamin wässrigen Lösung mit einer Konzentration zwischen
10% und 14,5% (w/w);
(b) Zugeben von Epichlorhydrin;
(c) Halten des Reaktionsgemisches unter Rühren;
(d) Isolieren des so erhaltenen Sevelamers;

und auch dadurch gekennzeichnet, dass die Schritte (a) bis (c) in Abwesenheit jeglicher organischer Lösungsmittel
durchgeführt werden.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass das Polyallylamin bis zu einem Grad der Versalzung
von 25-40 % in ein Salz überführt wird.

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das "Allylamin-Einheit"/"Epichlorhydrin" Mol-
verhältnis 8-11/1 ist.

4. Verfahren nach einem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass es in Schritt (c) unter Rühren bei
65 bis 85°C gehalten wird.

5. Verfahren nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass die Polyallylamin wässrige
Lösung eine Konzentration zwischen 12,5 und 14,5% aufweist.

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass die Polyallylamin wässrige Lösung eine Konzentration
zwischen 13 und 14% aufweist.

7. Verfahren nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass Polyallylamin mit Salz-
säure teilweise in ein Salz überführt wird.
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8. Verfahren nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass das so erhaltene Seve-
lamer in Sevelamercarbonat/-bicarbonat umgewandelt wird.

9. Verfahren nach Anspruch 8, dadurch gekennzeichnet, dass das so erhaltene Sevelamer durch Reaktion mit
gasförmigem C02 in Sevelamercarbonat/-bicarbonat umgewandelt wird.

10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, dass die Umwandlung in Sevelamercarbonat/-bicarbonat
mit gasförmigem C02 in fester Phase durchgeführt wird.

Revendications

1. Procédé de préparation de sevelamer caractérisé en ce qu’il comprend les étapes suivantes :

(a) salification partielle d’une solution aqueuse de poly(allylamine) ayant une concentration entre 10 % et 14,5
% (p/p) ;
(b) addition d’épichlorhydrine ;
(c) maintien du mélange de réaction sous agitation ;
(d) isolement du sevelamer ainsi obtenu ;

et également caractérisé en ce que les étapes (a) à (c) sont réalisées en l’absence de tout solvant organique.

2. Procédé selon la revendication 1, caractérisé en ce que la poly(allylamine) est salifiée jusqu’à un degré de salifi-
cation de 25 à 40 %.

3. Procédé selon la revendication 1 ou 2, caractérisé en ce que le rapport molaire « motif allylamine »/
« épichlorhydrine » est de 8 à 11/1.

4. Procédé selon l’une quelconque des revendications 1 à 3, caractérisé en ce qu’à l’étape (c), on maintient sous
agitation entre 65 et 85 °C.

5. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que ladite solution aqueuse
de poly(allylamine) a une concentration entre 12,5 et 14,5 %.

6. Procédé selon la revendication 5, caractérisé en ce que ladite solution aqueuse de poly(allylamine) a une con-
centration entre 13 et 14 %.

7. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que la  poly(allylamine) est
partiellement salifiée avec de l’acide chlorhydrique.

8. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que le sevelamer ainsi obtenu
est converti en carbonate/bicarbonate de sevelamer.

9. Procédé selon la revendication 8, caractérisé en ce que le sevelamer ainsi obtenu est converti en carbonate/
bicarbonate de sevelamer par réaction avec du CO2 gazeux.

10. Procédé selon la revendication 9, caractérisé en ce que la conversion en carbonate/bicarbonate de sevelamer
avec du CO2 gazeux est réalisée en phase solide.
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